• A large number of studies to determine whether cardiac glycosides have a demonstrable effect on myoeardial metabolism have produced conflicting results. In vitro studies with homogenates of myocardium from various species have consistently shown no increase in oxygen consumption. Recently, Wollenberger 1 and Finkelstein 2 have clearly demonstrated an increase in oxygen consumption iu dog and eat myocardial tissue slices incubated with 1 X 10" 6 M glycosides, ouabain, digitoxiu, and scilliroside, the intact cell being essential for this acceleration. Furthermore, Finkelstein demonstrated a necessity of the calcium ion for this increase in oxygen consumption in cat heart tissue slices. Burdette, 3 utilizing biopsy of the atrial appendage at thoracotomy in five cases, was able to show a two-to threefold increase in oxygen consumption in tissue slices incubated with 0.5 mg. per cent Lanatoside C (5 X 10" 8 M) utilizing glucose and pyruvate as substrates. There is, however, a paucity of information about the direct mode of action of the glycosides on human myocardial metabolism.
With the advent of open-heart surgery, a source of fresh myocardial tissue has been provided by means of atrial and ventricular biopsy. The principal purpose of this investigation Avas to re-explore the effects of the cardiac glyeoside, Lanatoside C, on oxygen consumption in human myocardium, and to establish the relationship of Lanatoside C to the calcium ion which has been shown to From the Departments of Medicine and Surgery, University of Florida, School of Medicine, Gainesville, Florida.
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be intimately related to the glycosides in the areas of contractility. Kohn, 4 utilizing the isolated perfused rabbit heart, observed a cessation of contraction in a calcium-free medium. Only when calcium was available as bound ethylenediaminetetra-aeetate could contractility be restored by digitalis.
Methods Atrial strips (0.5 cm. X 3 em.) and the ntrial appendage were removed from the auricle at the onset of bypass during open-heart surgery in 25 patients. Ventricular biopsies were obtained from ventrieulotomy sites. The results with each tissue were essentially the same. Only the results with atrial strips are reported here. The muscle wns placed in precooled oxygenated Krebs Ringer phosphate for transport and then promptly sliced with a Stadie-Riggs slieer into 0.3-mm. thick slices weighing approximately 60 mg.
Oxygen consumption was determined by the direct method of Warburg with oxygen as the gas phase at 37 C. Carbon dioxide was absorbed in the center well with 0 2 cc. of 20 per cent KOH. Krebs Ringer phosphate, with and without calcium, was the buffer medium. The composition of the medium was as follows: 0.093 M NaCl, 0.0048 M KC1, 0.00125 M CaCL, 0.0012 M MgSO 4 , 0.033 M sodium-phosphate buffer of pH 7.4 Each Warburg flask contained 2.7 or 3 cc. of media. The manometers and flasks were gassed for five minutes with 100 per cent oxygen and stabilized for 10 minutes prior to reading. All substrates were of 10 mM concentration and were contained in the phosphate buffer. After stabilization, oxygen uptake was recorded at 10-minute intervals for 90 minutes. At this point, crystalline Lanatoside C* in buffer media (0.3 cc.) was added from the side arm with a final concentration of 1 X 10"°M . Oxygen uptake was then recorded for an additional 90 minutes. In this manner, each tissue slice provided its own control. Oxygen consumption, as a function of time in figure Oxygen uptake is recorded at 10-minute intervals, and after 90 minutes of incubation, Lanatoside C is added from the side arm of the vessel to both the calcium and noncalcium-eontaining media. No Lanatoside is added to the control. Note the striking increase in oxygen consumption reaching a maximum in 40 minutes. There is no difference in the control and calcium-deficient Lanatoside-containing media.
oxygen uptake per Gm. tissue wet weight. The remainder of the data, eight determinations each, is expressed as microliters of oxygen consumed per rag. determined final dry weight of tissue per hour (qOo).
Results
In figure 1 , the temporal relations of oxygen consumption to the addition of Lanatoside C from the side arm of the Warburg vessel, are illustrated after 90 minutes of incubation. The glycoside was added to each of two vessels, with and without calcium, containing 10 mM glucose as substrate in Krebs Ringer phosphate buffer. The remaining vessel acted as the overall control. In the vessel containing calcium, there was a threefold acceleration of oxygen consumption as contrasted with the calcium-deficient Lanatoside C-containing vessel and the control. The acceleration of oxygen consumption began in the first 10 minutes, was maximal in 40 minutes, and maintained a stable two-to threefold increase throughout the remaining 50 minutes of the experiment.
In the following charts are the average of eight determinations and a single standard error of the mean. The light right-hand bars indicate the flask containing 1 X 10" 6 M Lanatoside C, with and without calcium, as contrasted with the solid black controls. Figure 2 represents the changes in qO 2 with 10 mM glucose as the substrate in the presence and absence of calcium in Krebs Ringer phosphate. In the calcium-deficient media, the qO 2 declined from 2.8 to 2.0 after the addition of Lanatoside C from the side arm. In the presence of calcium, the qO 2 sharply increased from 2.5 to 7.5, a threefold increase.
In figure 3 , the substrate was 10 mM pyruvate, and the qO 2 declined from 2.7 to 2.2 after the addition of the glycoside in the calcium-deficient media, in contrast to an increase of qO 2 from 3 to 5.2 in the calcium-containing media.
In figure 4 , no exogenous substrate was present, and the tissue was respiring in Krebs Ringer phosphate with and without calcium. Tn the absence of calcium, the qO 2 declined from 3.3 to 2.3. In the presence of calcium, the qO 2 rose sharply from 2.4 to 6.4 with no exogenous substrate available.
In figure 5 , 10 mM succinate was the exogenous substrate. The qO 2 without calcium, and on the addition of Lanatoside C, remained stable, 8.2 and 8.1. In the presence of calcium, the qO 2 increased slightly from 9.7 to 11.0. This increase in qO 2 is not statistically significant.
To explore the high qO 2 with succinate in tissue slices and the inability of Lanatoside C to accelerate oxygen consumption in the presence of succinate, the succinoxidase reaction in the human myocardium was studied. By means of homogenization, it is possible to disperse cellular components so that endogenous respiration ceases as a result of dilution effects of respiratory enzymes and their cofactors. The restoration of a particular reaction can be accomplished by the addition of appropriate substrates and soluble cofaetors. The technique of Schneider and Potter 5 was utilized to study the isolated succinoxidase system in three biopsies of human myocardial tissue. In this manner, succinate qO 2 of the isolated system can be compared with the qO 2 of tissue slices. Ten per cent homogenates were prepared in buffer, and 0.2 ml. added to 0.1 Oxygen consumption was measured for 90 minutes; at this point, a final concentration of 1 X 10" G M Lanatoside C was added from the side arm, and oxygen consumption measured for an additional 90 minutes. The qOo, prior to addition of Lanatoside C, averaged 18.8 and during the period after the addition of the glycoside 14.5. Since this reaction measures succinate +% O2-fumarate and H2O, the high qCU in tissue slices respiring in succinate can be accounted for by the suecinoxidase reaction. Lanatoside C has been demonstrated not to influence this reaction per se.
In figure 6 are the metabolic interrelations of calcium and Lanatoside C on tissue slices respiring in 10 mM glucose over a prolonged time interval (6% hours).
This experiment was designed (1) to evaluate the duration and stability of acceleration of oxygen consumption; (2) to determine the responsiveness of the control (containing calcium) to the addition of Lanatoside C after a five-hour period of respiration; and (3) to establish if the restoration of calcium to the calcium-free Lanatoside C-containing control could now accelerate oxygen consumption to the sustained level induced by Lanatoside C in the calcium-containing media. After stabilization at 90 minutes, Lanatoside C increased oxygen consumption as previously demonstrated in the calcium-containing media. The vessel containing Lanatoside C, but no calcium, remained unchanged as did the control containing calcium but no addition of Lanatoside C. At 300 minutes, the consumption of oxygen in the ealcium-Lanatoside C medium was twofold greater than in the calcium-free medium and the control. At this point, a final concentration of 2.5 niEq./L. of calcium chloride was restored to the Lanatoside C-calcium-free vessel, and oxygen consumption rose rapidly to the existing elevated level of the Lanatoside C-calcium-eontaining vessel. Lanatoside C, added at this point to the control containing calcium but no previous Lana- The changes in qO t in tissue slices respiring in 10 mil glucose, icith and without calcium, are illustrated. The light right-hand bars indicate the flask containing 1 X 1O' C il Lanatoside C, icith and without calcium, as contrasted with the (dark) controls. Note the threefold increase in oxygen uptake induced by the glycoside in the presence of calcium. There was no alteration in qO t by the glycoside in the calcium-deficient flasks, f = S. K. M. The changes in qO t in tissue slices respiring in pyruvate as influenced by Lanatoside C (light bar), ivith and without calcium, in the media are shown above. Oxygen consumption is approximately doubled by Lanatosicle C in the presence of calcium as contrasted to the controls. toside C, accelerated oxygen consumption to the same sustained levels as the others.
Discussion
It has been demonstrated that Lanatoside C in a concentration of 1 X 10"° M can increase oxygen consumption in human myo-NoCa f + Ca** FIGURE 4 The changes in qO 2 
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FIGURE 5
Lanatoside C does not significantly increase the qO t in myocardial tissue slices respiring in 10 inM succinate with or without calcium present in the media.
acceleration of oxygen consumption in human myocardial tissue slices by the cardiac glycoside. In contrast to the previous animal experiments 1 ' -sited where only transient increases in qO 2 were induced by the glycosides. consistent and sustained increases in qO 2 have been found in human tissues. The observations of the greatest increase in q() 2 occurring with glucose as the substrate is consistent with the previous animal experiments of Finkelstein and Bodansky. 2 The high qO 2 with succinate in myocardial tissue slices undoubtedly represents the succinoxidase reaction per se. Lanatoside C has been demonstrated soo 330 seo 390
FIGURE 6
Oxygen uptake is recorded at 10-minute intervals, and after 90 minutes of stabilization, Lanatoside C is added from the side arm of the Warburg vessel to both the calcium-containing and calcium-deficient media. No Lanatoside is added to the control. Note the rapid acceleration of oxygen consumption -in the calcium-containing vessel as contrasted to the calcium-deficient vessel and the control. Oxygen consumption continues at an accelerated rate, and at 300 minutes Lanatoside C is added to the control and calcium is restored to the calcium-deficient Lanatoside C-containing vessel. Oxygen consumption of these vessels is now elevated to the existing level initially induced by Lanatoside C in the presence of calcium. not to influence this reaction. Of particular interest is the acceleration of oxygen consumption in the absence of added substrate. To account for this acceleration, endogenous substrates such as glycogen or fatty acids must be made available for oxidation. Lee et al. e have demonstrated, in isolated contracting cat papillary muscle, that the addition of 20 raM succinate produced an increase in oxygen consumption and yet had no effect on contractility undoubtedly related to the succinoxidase reaction per se, whereas the addition of 10 mil pyruvate increased oxygen consumption and contractility.
The dependency upon the calcium ion in accelerating oxygen consumption in relation to the cardiac glycosides may be related to the ability of the glycoside to produce an influx of calcium into the myofibrils. Holland and Sekul" have demonstrated that ouabain increases calcium influx into the myocardium and that this effect of influx is enhanced bv Circulation Research. Volume XI. October 106J an increase of calcium in the media. Kaye and Mommaerts 8 have recently demonstrated that the membrane-control activation of glycolysis in resting muscle is contingent upon the presence of extracellular calcium. They postulate that, in the activation of glycolysis, the entry of the calcium ion is a determining factor. That this effect of the increase in oxygen consumption induced by the glyeoside is independent of myocardial contractility and occurs in resting muscles has been previously demonstrated by Lee. 0 The maximum increase in qO 2 occurring with glucose as the substrate suggests an augmentation of glycolysis under the influence of the glycoside. This concept has been suggested by the animal work of Kien and Sherrod. 9 The mechanism of acceleration of oxygen consumption in human myocardial tissue slices and its relationship to contraction are not clear. The data demonstrate an in vitro effect of the cardiac glyeoside on human myocardial metabolism and its dependency upon the calcium ion. Summary 1 X 10" 6 M Lanatoside C has been demonstrated to produce a sustained increase in oxygen consumption in human myocardial tissue slices as previously demonstrated by Burdette. This acceleration of qO 2 is independent of the substrates employed with the exception of succinate. This qO 2 acceleration has been demonstrated to be calcium dependent in human heart tissue slices similar to the known interrelationship of calcium and digitalis on myocardial contractility. The observation that the greatest increase in qO 2 occurred with glucose and without exogenous substrate suggests that the increase in qO 2 induced by the glycoside is dependent upon a stimulatory effect on glycolysis.
Book Review
Advances in Biology of Skin: Volume II, Blood Vessels and Circulation, William Montagna and Richard A. Ellis. Oxford, England, Pergamon Press Ltd., 1961, 156 pages, illustrated. $10.00. The material in this book was presented at the Brown University Symposium, held on January 30 and 31, 1960. Nine papers by various contributors are included. The cutaneous vascular patterns, as well as the innervation of these vessels, are discussed, with support from major methods for studying blood vessels: perfusion with opaque substances, x-ray microscopy, and histoehemical methods. The chapter on in vivo studies of the effect of heat on the undisturbed skin is an excellent one. A number of problems for future investigation are listed. The vasomotor innervation of the skin needs full description in terms of anatomical identification of the spinal outflows and of their regional distribution. The innervation of the sweat glands and the vascular smooth muscle provide conveniently accessible structures for the quantitative study of autonomic physiology.
